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Abstract: Transient electromagnetic (EM) scattering by conducting-dielectric objects is formulated by 
time-domain electric field integral equations (TDEFIEs). The TDEFIEs are usually solved by combining 
the method of moments (MoM) in space domain and march-on-in-time (MoT) scheme in time domain. The 
space-domain MoM requires two basis functions to represent the electric and magnetic current densities on 
material interfaces, respectively, leading to an inconvenience in implementation. Also, the MoT scheme 
has a late-time instability problem which will aggravate in the surface integral equations with penetrable 
media. In this work, the TDEFIEs are solved by a different approach in which the Nystróm method is used 
to discretize the space domain while the Galerkin method with Laguerre basis and testing functions is 
employed to discretize the time domain. The proposed approach can overcome the defects of conventional 
approach as demonstrated by a numerical example. 
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" š Transient electromagnetic (EM) scattering from combined 
objects widely exists in practical applications and accurate 

analysis for the phenomenon plays a vital role in the design of 

many electronic device and systems with an EM infulence. 


" The problem can be formulated based on time-domain surface 
integral equations (TDSIEs) when the involved penetrable 
materials are homogeneous. And we study the time-domain 
CFIEs (TDCFIEs) in this work. 


" The MoM requires two basis functions to represent two current 
densities and may be very inconvenient in implementation and 
the MOT has a well-known late-time instability problem. 


" We adopt the Nystróm method in space domain and the Galerkin 
method (GM) with Laguerre basis and testing functions in time 
domain.The hybrid scheme possesses the benefits of both 
methods and can unconditionally yield stable solutions. 
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Substituting the above expansions to the TDEFIEs which has been 
discretized in space domain as shown in previous equations, in time 
domain, we use a Galerkin method to discretize the TDEFIEs and 
TDMFIEs. The Laguerre function is used as a basis function to 
expand the temporal parts of unknown source vectors e} (t) 73 Œ) 
, where € = 1, 2 and¢,)=e""L,) is the Laguerre function in which 
Lj(t) is the Laguerre polynomial of jth degree. Also, s is the scaling 


factor used to change the support of expansion. 
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Numerical Examples 





Geometry of composite scatters. 
(a) A dielectric cone backed with a conducting circular disk. 
(b) A conducting cone attached to a dielectric hemisphere. 


(c) A conducting hemisphere joint to a dielectric hemisphere. 
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The first object has a radius a 2 0.25 m, a thickness a 20.01 m, 
and a height a =0.25m 


The second object has a radius a=0.2m , a height 5 20.5 m 
The third object has a radius a 20.5 m 
A Gaussian plane wave is illuminating the scatterers along the 


—z direction. 
E” (r,t) =1207% 


2 


4e 


J/zT 


X - A(ct - At er-2)/T 





, H"(r,) 2 xE” (r, D 
7] 


T is the duration of Gaussian impulse and ^ is the needed time 
for the pulse to arrive at the origin. We choose 


T = 4.0 InYlight meter) and cA£ 26.0 Im 
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A Gaussian plane wave is illuminating the scatterers along the 
—z direction. 


TA 


E” (r,t) = se Fe) cos(2a fT) 


T=t+r-2/c 





Jfa = 500 MHz 
At = 80 
o=6/(2xf,) 
f, =1GHz 


s — 10? and M — 80 
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x-component of transient current density sampled atx=z=0 
and y = 0.125 m on the surface of a conducting circular disk 
attached to a dielectric cone. v 
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0-component of transient current density 


0-component of transient current density sampled at z = 0.2 m 
and q = 180» on the surface of a conducting cone attached to 
a dielectric hemisphere. i 
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z-component of transient current density 
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x-component of transient current density sampled at the 
north pole on the surface of a conducting hemisphere joint to 
a dielectric hemisphere. 13 

















Department of Electronic 


Compar: ison Science and Technology 
0.2 I e The accuracy of numerical 
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RMS Error of Surface Current Density 
o o o 

D © g Ye 

+ o eo = 


o 
o 
n 











o 


Number of Temporal Basis Functions 


RMS error of surface current density versus the number 


of temporal basis functions for the three examples. 


e This figure plots the root-mean- 
square errors, compared to the 
IDFT counterparts when M= 20, 
40, 60 and 80, respectively. These 
three examples are clearly 
convergent as M increases. 


e Although the computational 
complexity of the Nystrom 
scheme is equivalent to that of 
the MoM in space domain, 
Galerkin method with Laguerre 
function is better than traditional 


MoT in time domain. 
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Conclusions 





m We present a hybrid scheme to solve the TDCFIE for 
transient EM problems. 


m Unlike the traditional scheme, we use the Nystróm 
method in the spatial domain while employ the Galerkin 
method (GM) with Laguerre basis and testing 
functions in time domain. 


a The Nyström method can simplify the implementation in 
spatial domain while the Galerkin method can fully 
solve the instability problem in temporal domain. 


= Numerical examples are presented to demonstrate the 
scheme and good results have been observed. 
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